Investors do arbitrage between bonds and stocks. The so-called "Fed model" asserts that comparing the level of the earnings yields of stocks to the nominal government bond yields is relevant when assessing the relative values of the two asset classes, and their prospective returns. A conceptual problem with this model is that it compares a real quantity, the earning yield, to a nominal one, the government bond yield, thus implying that economic agents suffer from money-illusion. The merits of the Fed model as an indicator of stock returns is still very controversial. In this article we try to quantify the scope of the Fed model by employing appropriate techniques of co-integration to validate, or invalidate, the Fed model. More precisely, we study the validity of the model geographically and using different frequencies in order to determine its potential time horizon. We obtain the following results. First, the Fed model is very limited in scope and in time: of the 21 pairs of countries and stock exchange indices tested, only three are potential candidates for the Fed model: the US, Italy and Mexico; in the US, the Standard and Poor's 500 confirms the model, but only from 1980 to 2000. Second, for the Standard and Poor's 500 from 1980 to 2000 the validity of the Fed model is confirmed, for a time horizon of one week or more for predicting the earning yield on stocks and a time horizon of one month or more for the nominal yield on bonds. Third, from 2000 onwards the long-term relationship between earning yields and nominal bond yields becomes inverted, and the Fed long-term relationship does not help predict any of the two variables compared to a simple vector autoregressive model (VAR). Overall, the evidence for the relevance of a linear long-term relationship between nominal US bonds yields level and the earnings ratio of broad stock indexes appears very weak, even when this relationship is allowed to vary over time, with a structural break somewhere in 2000 with an inversion of the relationship. In most cases, assuming and estimating a possible long-term relationship between earning yields and nominal bond yields does not improve the forecasts as short-term dynamics dominate.
INTRODUCTION
The so-called Fed model for valuing stocks, which became widely popular after the release of the Humprey-Hawkins report to the Board of Governors of the Federal Reserve System (1997), has been and remains a widely controversial model among both scholars and practitioners. This simple model stipulates that comparing the ratio of the earnings over the price of the stock market to the yield of long-term government bonds indicates whether the stock market is overvalued or undervalued. The main idea is that bonds and stocks being competitive investments, their expected return -at least when adjusted for the perceived risk of each asset class -should be set equal by profit-maximizing investors. We will, throughout this article, denote by Y the yield on long-term government bonds and by E/P the earning yield of stocks, that is, the ratio of earnings E divided by the price level of the stock market P. Let us make the bold assumption, for simplicity of illustration, that both asset classes are perceived as incurring the same risk by market participants. Then the Fed model argues that the two quantities Y and E/P will be set equal by rational, returnoriented investors. For example, if it happens that Y < E/P, it would mean that stocks are cheap (relative to bonds), and investors will sell bonds and buy stocks, pushing the price P of the stocks higher until the E/P ratio is again set to the level of Y. We will refer to the Fed model that asserts a strict equality of Y and E/P as to the "strict" Fed model. Adjusting for perceived risks or other factors can yield other Fed models: the common idea of those "general" Fed models is that the position of E/P relative to Y is a pertinent indicator for valuing stocks. Such models can include adjustments for perceived risks, as the one proposed by Asness (2003) which uses prior realized volatility on stocks and bonds as a proxy for the risk perceived by investors.
From a theoretical perspective, it can be objected that E/P is not the return for investing in stocks, nor is the yield to maturity the return for investing in bonds (except if the bond is held to maturity and if all coupons can be reinvested at the same rate). But the main criticism made to the Fed model is that it compares a real quantity, E/P, to a nominal quantity, the government bond yield Y, and thus assumes that economic agents are victims of money-illusion, not being able to properly distinguish between real and nominal values. Indeed, stocks are claims on real assets, which are expected to appreciate with inflation, whereas the government bond yield is clearly a nominal quantity. Hence not only the Fed model would lack any firm theoretical grounding, but it is in flagrant contradiction with the hypothesis of efficient markets . One of the most vivid criticisms of the Fed model is certainly the one made by Asness (2003) . Asness asserts the Fed model is correct as a descriptive tool -documenting how investors set the prices of stocks -but performs poorly as a predictive tool of subsequent returns. According to him investors are consistently making the same error, and the Fed model documents this error. This seems a paradox: how can a model which correctly describes the level to which investors set the price P of the stock market be denied any merit as a trading strategy? One element of answer could be the time horizon. It would be possible that the Fed model allows predicting correctly the future level of prices P of the stock, but without specifying the time horizon correctly. For example, and to sustain Asness claim, it could be that the time horizon is excessively short compared to the longer term horizon of the buy and hold strategy which Asness assumes when he shows that investing according to the signal offered by the Fed model actually incurs huge losses compared to, for example, a passive "buy and hold" investment strategy in bonds. Also consistent with this explanation are the findings of ap Gwilym et al. (2001) . These authors study the historical insample performance of the Fed model as an tactical asset allocation tool for six different countries (the United States, the United Kingdom, France, Germany, Switzerland and Japan) and conclude that for short-term tactical allocation, the Fed model has some merit as a relative valuation tool, whereas over a 5 year horizon it underperforms the more traditional indicators, like the E/P ratio, in each country. Together with Asness' own long-term study of the returns this suggests that the time horizon of the Fed model should be less than 5 years. Interestingly, no study trying to
INTERNATIONAL EVIDENCE FOR THE STRICT FED MODELS
The data used in this section consists of the ten year generic government bond yields of different countries, as reported by Bloomberg, and of the earnings ratio E/P where E is defined as the trailing 12 months earnings of the enterprises quoted in some stock index of the country under study, and P is the price level of this index. List 1 in the Annex indicates the stock exchanges priceearning ratios studied. Admittedly, the choice of the trailing earnings for E is rather arbitrary. The source of our data is Bloomberg, and our dataset extends from 1 January 1963 to 24 March 2011 included. The frequencies of the data used here are daily (end of the day), weekly, and monthly (both end of the period and daily average of the period).
Evaluating the strict Fed relationship
What we defined in the introduction as the strict Fed model asserts equality between the earning yield and the government yield. If the strict Fed model is right and this is indeed the longterm relationship between the two quantities, then taking the difference or the log-difference of the two series should result in a stationary series. Indeed if the resulting series has a unit root, then the equilibrium is meaningless, since any disequilibrium of the relation Y = E/P does not tend to correct over time, but exhibits the highest degree of persistency. We can thus define different strict Fed model indicators and assess their stationarity. The most obvious indicator is the simple difference indicator Y -E/P. When it has a large negative sign, it means that stocks are cheap relative to bonds, hence rational investors seeking to maximize returns will bid up stock prices and the indicator will return towards 0. If the indicator is positive, then stocks are too expensive relative to bonds and the inverse will happen. Figure 1 below draws this indicator together with the stock index level 2 .
Figure 1
Simple strict Fed indicator for the S&P 500
For the United States and the S&P 500, the indicator did give a strong buying signal in the 1973 to 1980 period, which preceded the formidable increase in stock prices of the 1980 to 2000 period, but it also gave a strong selling signal from 1980 -or at least, from 1985, to 1995. An investor making investment decisions accordingly would have missed the run-up in equities of that period. Since 2002 the indicator has consistently given a buying signal, thus being unable to predict the stock market crash of 2008. Still, visual inspection also reveals it has correctly started giving a buying signal in 2002, precisely when the stock market had bottomed out of its previous 2000 crash. It also gave a strong correct buying signal in 2009, but failed to predict the 2007 crash. We leave it to the reader to try to draw eventual long-term trading rules from the data presented in Figure 1 , but our overall sentiment is that visual inspection does not seem to indicate a strong and timely predictive power for this simple strict Fed indicator. Other possible strict Fed model indicators include the log difference log(Y)-log(E/P)= log(Y/(E/P)), and the simple ratio Y/(E/P). Similar observations can be drawn for these other strict Fed indicators. Of course, one could always try to design trading rules, and see if it incurs any more gains compared to some other strategies. Since any Fed indicator assumes the relevance of looking at both the government bond yield and the earning yield while assessing the level of stock prices, such a trading strategy should, in any study, be compared to the one using only the earning yield E/P as an indicator, since it is well known that the earning yield does have some predicting power for future stock returns. The problem is that there are an infinite number of possible trading strategies, depending on what we define to be a trading signal from the indicator, and the time-horizon to move in and out of the stock market 3 . Hence we need a formal test that would confirm or invalidate the relevance of strict Fed model indicators. As mentioned earlier, a necessary condition is certainly the stationarity of the indicator. An indicator whose realization points towards a unit-root process is certainly not relevant: it means there are no forces that push the indicator back to equilibrium, and thus past shocks have a permanent effect on its level: not very pleasant since our trading signal involves comparing the indicator to the 0 level (or to any bands around 0, depending on how one defines a trading signal). If past shocks have a permanent effect on the indicator, then comparing it to any fixed band is irrelevant. For each of the three different strict Fed model indicators mentioned we perform Augmented Dickey-Fuller (ADF) tests and Philipps-Perron tests with daily and monthly data, for each of our 24 samples. When the time-series is long enough, we also perform ADF tests on sub-samples. Tables 1, 2 For the United States and the S&P 500, the indicator did give a strong buying signal in the 1973 to 1980 period, which preceded the formidable increase in stock prices of the 1980 to 2000 period, but it also gave a strong selling signal from 1980 -or at least, from 1985, to 1995. An investor making investment decisions accordingly would have missed the run-up in equities of that period. Since 2002 the indicator has consistently given a buying signal, thus being unable to predict the stock market crash of 2008. Still, visual inspection also reveals it has correctly started giving a buying signal in 2002, precisely when the stock market had bottomed out of its previous 2000 crash. It also gave a strong correct buying signal in 2009, but failed to predict the 2007 crash. We leave it to the reader to try to draw eventual long-term trading rules from the data presented in Figure 1 , but our overall sentiment is that visual inspection does not seem to indicate a strong and timely predictive power for this simple strict Fed indicator. Other possible strict Fed model indicators include the log difference log(Y) -log(E/P) = log(Y/(E/P)), and the simple ratio Y/(E/P). Similar observations can be drawn for these other strict Fed indicators. Of course, one could always try to design trading rules, and see if it incurs any more gains compared to some other strategies. Since any Fed indicator assumes the relevance of looking at both the government bond yield and the earning yield while assessing the level of stock prices, such a trading strategy should, in any study, be compared to the one using only the earning yield E/P as an indicator, since it is well known that the earning yield does have some predicting power for future stock returns. The problem is that there are an infinite number of possible trading strategies, depending on what we define to be a trading signal from the indicator, and the time-horizon to move in and out of the stock market 3 . Hence we need a formal test that would confirm or invalidate the relevance of strict Fed model indicators. As mentioned earlier, a necessary condition is certainly the stationarity of the indicator. An indicator whose realization points towards a unit-root process is certainly not relevant: it means there are no forces that push the indicator back to equilibrium, and thus past shocks have a permanent effect on its level: not very pleasant since our trading signal involves comparing the indicator to the 0 level (or to any bands around 0, depending on how one defines a trading signal). If past shocks have a permanent effect on the indicator, then comparing it to any fixed band is irrelevant.
For each of the three different strict Fed model indicators mentioned we perform Augmented Dickey-Fuller (ADF) tests and Philipps-Perron tests with daily and monthly data, for each of our 24 samples. When the time-series is long enough, we also perform ADF tests on sub-samples. Tables 1, 2 The results are that the null of a unit root is rejected, at a 10% significance level and for all three indicators, for only four out of the 24 samples: the United States (S&P 500), Mexico, Italy and Australia. In the most recent period, from 1993 to 2011, none of the three indicators pass the test for the United States and the S&P 500: the tests indicate, for this subsample, very large p-values of more than 0.40. Not surprisingly, when looking at monthly data it is precisely the same countries which pass the tests. With only one exception (Canada), the relative strict Fed model indicator, that is, the second and third one, which involves the quotient of Y by E/P in log form or in simple form 5 , passes much more often the stationarity tests than the first absolute indicator, which assumes stationarity of the absolute change level in yields Y-E/P. 6 To conclude, for most markets, including the United States (S&P 500) from 1993 to Now the strict Fed model indicator seems stationary for the United State and S&P 500 for the whole sample period, for Mexico, Italy and Australia. We can assess the stationarity of the strict Fed indicator Y-E/P more precisely on each sub-sample by looking at rolling ADF tests. The statistical results are detailed in the supporting documentation can be obtained from the author on request 7 .
They indicate that for some five-year periods, in particular the 2002 to 2008 period, the simple strict Fed indicator Y-E/P is not stationary, suggesting it cannot have been a good indicator during that period. The test with the relative strict Fed indicator gives similar results. 4 The lag for all the ADF tests was chosen so as to maximize the Schwarz Information Criteria, with a maximum of up to 25 lags. Philipps-Perron tests were performed using the Newey-West Bandwith to select the bandwidth. Table 1 presents the result of the tests using daily, end of the day data, whereas Table 2 and Table 3 present the monthly, end of the month, and average of the month results. Notice that looking at both daily and monthly frequency adds really a new dimension to the problem, since the maximum lags used in ADF tests at daily frequency being 25, these daily stationarity tests necessarily have a shorter-time horizon than the monthly ones, for which the time lag is at minimum one month, and at maximum 25 months. 5 Of course, since (Y-E/P)/(E/P) = Y/(E/P) -1 and that adding a constant does not change the results of the stationarity tests, this indicates that changes relatively to the current level of earning yields are usually more stationary than changes in the absolute levels. 6 Indeed, at both monthly and daily frequency the third Fed indicator is stationary for the United Kingdom, Germany, and Japan, whereas the first indicator fails to satisfy stationarity in these three countries. All in all, it is now 7 out of 24 samples which pass the basic test of stationarity at both the daily and monthly frequency if we look at the third indicator instead of the first. This still leaves 17 samples in which the null of a unit-root process is not rejected, that is, the indicator seems to have a stochastic trend, hence behaving more like a random walk, with no economic forces pushing it back to 0 when shocks make it deviate from this assumed "fair" value. 7 The document "Additional supporting evidence related to the article: 'the validity and time-horizon of the Fed model: a co-integration approach'", is available from the author on request. 
ESTIMATED LINEAR FED MODELS: PERFORMANCE EVIDENCE

Outline of the methodology
As coined in the introduction, a general Fed model long-term relation could have any other form than a strict equality, in so far as it relies on comparing the earnings-to-price ratio E/P to the earning yields Y. A particular, yet more general case than a strict equality between the two ratios would be linear general Fed models, in which the assumed long-term relationship is: Y = b * E/P + b2, where b and b2 stand for two constants, and b > 0
This linear relation could be interpreted in a way similar to those of the general Fed model coined in the introduction which takes into account perceived relative risks between bonds and stocks: for example, the above relation with b2 = 0 would mean that stocks are deemed riskier than bonds if 0 < b < 1, and less risky than bonds if b > 1. A negative b would be contradictory to the Fed model as it implied opposite dynamics for the earning yields and the government yields.
We study in this section the relevance of the linear general Fed model for the United States and the Standard and Poor's, using data from different frequencies, and within a co-integration theory framework as defined by Engle and Granger (1987) and using maximum likelihood methods as defined by Johansen, Stock and Watson (1995) . This allows to build various Vector Error Correcting (VEC) models, whose merits as a quantitative version of the Fed model we assess by comparing the results of their predictions to those of similar models without error-correcting terms, like those of a simple Vector Autoregressive Models, in levels or in first difference, or to the naïve predictions of the explained variable lagged one period. The idea is to disentangle how much the Fed indicator actually improves forecasts when compared to these different alternative models which do not contain any long-term relationship between yields, earnings and stock market prices.
Visual inspection: a changing relation
The graphs below depict the very strong (visual) relation between the government yield and the earning yield of the S&P 500 over the whole sample period (graph on the left), and the price level of the S&P 500 (graph on the right). A first remark is that by looking at shorter sub-sample, the relationship between the two series is far from A first remark is that by looking at shorter sub-sample, the relationship between the two series is far from obvious. The graphs below represent scatter plots of the 10 year government bond yield against the earnings ratio of the S&P 500, for six different periods. They were obtained by using monthly data corresponding to the average of the daily observations of each month. For some periods, as for the 1985 to 1995 period, the two series seem to move together in the same direction, whereas for other periods, for example the 1975 to 1985 period, there does not seem to be any clear pattern. For the 2000 to 2011 period, the two series even seem inversely correlated, in plain contradiction with what the Fed model would predict, but in accordance with the "flight to safety" phenomenon, very strong in that period: afraid of stock returns, investors would flee the stock market and bid government bond prices up.
Figure 3
Scatter plots of Y and E/P for the US and the S&P 500 on different sub-samples [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] 6 A first remark is that by looking at shorter sub-sample, the relationship between the two series is far from obvious. The graphs below represent scatter plots of the 10 year government bond yield against the earnings ratio of the S&P 500, for six different periods. They were obtained by using monthly data corresponding to the average of the daily observations of each month. For some periods, as for the 1985 to 1995 period, the two series seem to move together in the same direction, whereas for other periods, for example the 1975 to 1985 period, there does not seem to be any clear pattern. For the 2000 to 2011 period, the two series even seem inversely correlated, in plain contradiction with what the Fed model would predict, but in accordance with the "flight to safety" phenomenon, very strong in that period: afraid of stock returns, investors would flee the stock market and bid government bond prices up. A first remark is that by looking at shorter sub-sample, the relationship between the two series is far from obvious. The graphs below represent scatter plots of the 10 year government bond yield against the earnings ratio of the S&P 500, for six different periods. They were obtained by using monthly data corresponding to the average of the daily observations of each month. For some periods, as for the 1985 to 1995 period, the two series seem to move together in the same direction, whereas for other periods, for example the 1975 to 1985 period, there does not seem to be any clear pattern. For the 2000 to 2011 period, the two series even seem inversely correlated, in plain contradiction with what the Fed model would predict, but in accordance with the "flight to safety" phenomenon, very strong in that period: afraid of stock returns, investors would flee the stock market and bid government bond prices up. Unit root tests for the government yield and the earning yield series Johansen co-integration tests assume that the involved series are integrated of order one, hence we have to make sure this is the case, otherwise the tests are meaningless. We thus apply unit root tests to each of the Unit root tests for the government yield and the earning yield series Johansen co-integration tests assume that the involved series are integrated of order one, hence we have to make sure this is the case, otherwise the tests are meaningless. We thus apply unit root tests to each of the Unit root tests for the government yield and the earning yield series Johansen co-integration tests assume that the involved series are integrated of order one, hence we have to make sure this is the case, otherwise the tests are meaningless. We thus apply unit root tests to each of the Unit root tests for the government yield and the earning yield series Johansen co-integration tests assume that the involved series are integrated of order one, hence we have to make sure this is the case, otherwise the tests are meaningless. We thus apply unit root tests to each of the two series Y and E/P. The detailed statistics results of these routine tests can be obtained from the author on Unit root tests for the government yield and the earning yield series Johansen co-integration tests assume that the involved series are integrated of order one, hence we have to make sure this is the case, otherwise the tests are meaningless. We thus apply unit root tests to each of the two series Y and E/P. The detailed statistics results of these routine tests can be obtained from the author on request 8 .
Tests at different frequencies, and for different sub-periods
For the sample from 1 January 1963 to 24 May 2011, Johansen tests performed with either daily, weekly or monthly data do not reject the null of no co-integration at the 10% significance level, for any lag length selected between 1 and 25. 9 The table below reports the Trace statistics and the Maximum Eigenvalue statistics of this test for the whole sample, together with the corresponding MacKinnon-Haug-Michelis (1999) p-values: Dismissing the results of the tests and using co-integration techniques (Engle-Granger two steps method and Johansen maximum likelihood method) gives, unsurprisingly, inconsistent and unstable results 10 . Now looking at the trends for the two series (see first chart of Figure 2 ) it is clear that we can separate our sample into two sub-samples so as to allow the Johansen test to capture the two deterministic trends better: the first linear deterministic trend is positively sloping from 1963 to 1980 whereas the second, from 1980 to 2011, has a negative slope.
We get, for the same tests as previously -in particular, using daily data -the following results for the two periods: Results for both periods are robust relative to the frequency used. The difference between the two sub-samples is striking: in the first sub-sample period the null of no co-integration is accepted with a high p-value of 0.44, whereas in the second the null of no co-integration is rejected at the 5% significance level, for daily data, and at a 10% significance level for weekly and monthly data.
The So far, we made certain that our two series, the government bond yield and the earnings ratio, were integrated of order one, using both augmented Dickey-Fuller tests and Phillips and Perron tests. We now see there is also strong evidence of co-integration for the 1980 to 2011 period, in particular at the daily and at the monthly frequency. We are thus in a position to follow the Johansen method for writing down a Vector Error Correction model for the two variables Y and E/P. We chose to build a VEC with 4 lags 12 , in order to get both a parsimonious model and uncorrelated residuals. Hence the two usual methods for estimating a VEC do not, in our case, give comparable results: the maximum likelihood method to estimate the long-term relationship used in the Johansen approach gives radically different results than the ordinary least square method used by Engle and Granger. Now, the historical stability of the relation is another problem, and so is its economic interpretation. Concerning the Johansen estimation of the long-term relationship, it is rather dubious that in the long term an increase of 1 unit of the earning to price ratio would be followed by an increase of 1.84 units of the ten-year government yield. The Engle-Granger method 13 makes more sense economically: an increase of one unit of the earnings ratio would translate, at equilibrium, into an increase of 0.9 units for the yield Y. If we restrict our sample from 01/05/2011 to 25/05/2011, estimating the VEC using the Johansen approach gives the following relation: Y = -0.775192725401 * E/P -8.54556842774
Whereas the Engle-Granger approach gives the following: Y = -0.601155146767 * E/P + 7.59160572346
The change of sign shows how much the "long-term relationship" depends on the sample. This result confirms our visual inspection of the scatter plots in the beginning of this section. Of course, there could be many possible structural factors explaining this change of the relationship. But maintaining that there is a stable relationship between the earnings ratio and the government bond yield, as does the Fed model, is contrary to evidence. Moreover, the sign is the opposite of what the Fed model suggests. This could be the effect of the so-called "flight to safety" where investors sell stocks to buy bonds, and hence, if earnings are more or less constant, E/P would go up while Y would go down. But if this explanation could hold for relatively short periods of stock market distress, it is hard to see why it would be the case for the whole first January 2000 to 24 March 2011 period.
Historical stability of the long-term relationship
As noted earlier through visual inspection of the scatter plots, and in the previous paragraph, the long-term relationship does not seem particularly stable from a historical perspective. Table 5 below indicates the different long-term relationship of VEC models with 9 lags estimated during the mentioned period (the results are quite stable with respect to the number of lags): The higher it is, the more impact the long-term relationship has on the involved variable compared to the short-term dynamics.
The "long-term" relationship is very dependent on the sample selected, and in some cases the series involved does not even error-correct in the estimated VEC. A possible way to visually examine the stability (or the instability) of such a changing relationship is to plot the coefficients of successive (rolling) estimations of the long-term relationship 14 .
We conclude that contrary to what asserts the Fed model, the long-term relationship is not stable. In particular the sign of b, for the most recent periods, is the opposite of what theory underlying the Fed model would suggest.
Hence there is no evidence of a stable relationship between earnings yield and bond yields. We now turn to the evaluation of the general linear Fed model as a predictive tool. Could the Fed model, despite the evidence of instability in the relationship, be used as a predictive tool for timing the stock market? We will, in particular, look if allowing the long-term relationship to change continually gives better forecasts than those of other, simpler models.
In-sample evaluation of the historical predictive power of the model
We evaluate, on historical data, the predictive power of the above VEC model for the earning price ratio and the government yield. To do so we compare our VEC model with other models, in particular with the simple model obtained by lagging the explained variable itself, which corresponds to naïve predictions one step ahead.
There is no unanimity as to whether or not VAR models can be written in level for nonstationary models. Sims (1980) Now there are two possibilities for comparing these models on different sub-samples: one can either estimate the models a single time for the whole sample, from 1 January 1980 to 24 March 2011 and then look at RMSE and correctly predicted changes for different sub-samples (Table 6) , or re-estimate the coefficients of the models for each sub-sample under study (Table 8) . We can see that the Fed model performs poorly compared to the lagged variable or a simple VAR in level. We would like to be more precise and assess the usefulness of the co-integrating relationship in helping to improve the forecast. A simple idea would be to compare our VEC model with a VAR in difference with the same number of lags to assess if the error correcting term really brings any additional information to the forecast. Hence, the only explanatory variable that the VEC contains and that the VAR does not contain is the error-correcting term, that is, the estimated linear long-term Fed relationship. The following table, for each sample period, presents the obtained results: If we use the RMSE criteria to assess performance, then the VEC model outperforms both the VAR in level and the VAR in difference for the whole sample period (see last column of Table 6 and 7). Nevertheless we note that on sub-samples it only outperforms the VAR in about half of the sub-samples. Moreover, the amount by which it outperforms the VAR on the whole period does not seem very large.
Overall, the Fed model performs poorly compared to similar models. The changing nature of the VEC long-term relationship could explain such poor performance. If we re-estimate the models for each of the sub-sample period, we find the results presented in Table 8 Our Vector Error Correcting model, with a different, changing "long-term" relationship for each subsample, now performs better than the VAR in level for most of the time. Yet, it is important to note that the lagged variable better predicts the direction changes of the explained variable than both models. Comparing our VEC to a VAR in first difference gives the following results: Table 9 Models were estimated on each sub-sample period Nevertheless, the amount by which the VEC, and hence the Fed model, outperforms a simple VAR in difference seems small and possibly only due to the fact that in the OLS used to estimate the VEC we have one more explanatory variable than in the corresponding VAR (the error correcting term). One should try to factor out this purely mechanical effect of more explanatory variables before asserting the estimated long-term relationship improves the forecasts.
To detangle the real effect of the error correcting term from the purely mechanical effect of improving the forecast by having one explanatory variable more in the VEC than in the VAR, it could be useful to allow one more lag to the VAR. Unfortunately this solution increases by two the number of explanatory variables of the VAR, and not by one. Hence the results would be now biased toward finding that the VAR gives better prediction. A way to diminish that bias would be to allow more lags for both models, which will make the one more explanatory variable of the VAR less important. Hence we allow 10 lags in the VAR and only 9 in the VEC, which implies the OLS for the VAR has one more explanatory variable than for the VEC. For each subsample period, the VEC model is still the best for predicting the earning to price ratio E/P, but the evidence is much more mixed than in the previous table. After all, the Fed model asserts that the long-term relationship (which is allowed to vary over time on each of the 7 subsamples indicated here) is relevant for predicting the E/P ratio, and consequently also the prices of stocks, given that the concept of earnings we are using here as a proxy for future earnings are trailing earnings (12 months). But what we actually observe is that the VAR in first difference forecasts the E/P ratio as well as the VEC and its long-term relationship. And although the Fed model seems to better forecast the yield Y on each sub-sample (because the long-term relationship is re-estimated on each sample period here), this is not the case for the whole sample 15 (suggesting, again, an instable relationship over longer horizons).
We conclude that, at a daily frequency, the VAR in first difference or the VEC are about equivalent models. At the daily frequency the error correcting term does not seem to add much to the provision of the forecast. Moreover, to predict the direction of the changes in the variables (increase or decrease), both models do worse than the lagged variable itself.
Out-of-sample evaluation of the historical predictive power of the model
Now all the previous historical assessments of the models were done in-sample: although no information available at time t or after is given to the model to predict values at time t, the coefficients of the co-integrating relationship and of the VEC model itself are estimated using the whole sample period (that we occasionally also changed to get the results for Table 8 and 9 ). Hence these are in-sample predictions. How does the model perform for out-of-sample predictions?
To get an idea of the predictive power, out-of-sample, of a VEC model between the Y and E/P series we obtained Tables E and F To get the first line of our tables, we first estimate the two models from the date in the first column, which is 01/01/1980, to 1/1/1990. Then we use the model to predict out-of-sample estimates for the next date, 2/1/1990. We then re-estimate the model from 01/01/1995 to 2/1/1990 to get next forecast, for 3/1/2000. We are thus assured not to "peer" into the future, and that, at the same time, to use all the information available up to and including time t-1 to make our predictions for time t. These can thus translate into practical, concrete models for predicting future movements of the explained variables. We proceed similarly with the other dates, always starting our estimation on the first date for a 10 year period before starting to predict for the next (daily) period.
Here too, we can define the residuals as the difference between the realized value and the predicted value and compare them with the residuals obtained from a "naïve" forecast (the variable itself lagged one period), or to those of a VAR, either in level or in first difference. The results are presented in Tables 11 and 12 below: yield. Overall, at daily frequencies, the Fed model does not perform better than a simple VAR in first difference, in particular when the mechanical effect of a better fit due to one more explanatory variable is factored out by the addition of one more lag for the VAR than for the Fed model.
THE TIME-HORIZON OF THE LINEAR FED MODEL: HOW SHORT IS THE LONG-RUN 17
In this section we first determine the period where a linear "Fed relationship" seems stable enough, and then try to determine the frequency at which the Fed model is relevant using daily, weekly and monthly data. The same methodology, which consists in comparing results obtained from a VEC model to a similar VAR model in first difference, is used. Because the methodology is similar to the one already described in Section 3 we do not fully describe the different statistics and steps again. The interested reader can find a full description on the author's webpage 18 , Annex 6. Hence this section only recapitulates the main findings and the references to the additional documents of the detailed study.
Estimating a linear relationship between earning yields and bond yields for the US indicates that the relationship is highly unstable over the 1980 to present day period. More precisely, it seems to be highly unstable since 2001 (part A of Annex 6).
First, a long-term linear relationship between earning yield and bond yield does not exist besides the 1980 to 2000 period. For example, in the most recent period (from 2001 onward) there is no evidence of co-integration between the two variables. Nevertheless, at a monthly frequency the short-term interactions are significant and help improve the goodness-of-fit as evaluated by RMSE, MSAV or the number of correct changes, compared to the lagged variable (part D of Annex 6).
Restricting the time span to the 1980 to 2000 period, the Fed model cannot be observed at a daily frequency as a "long-term relationship", although short-term dynamics between the earning yield and the bond yield exists (part B of Annex 6). At the weekly frequency, the Fed model is only useful for explaining the earnings ratio, and not the bond yield (Part E of Annex 6). At the monthly frequency, and for the 1980 to 2000 period, there is indeed evidence that assuming and estimating a long-term relationship between the earning yield and the bond yield does improve the forecasts (Part C of Annex 6).
CONCLUSION AND DIRECTION FOR FURTHER RESEARCH
In accordance with other studies, we found that the general linear version of the Fed model is based on rather limited empirical evidence. Concerning its geographical scope, it does not "travel" well. Even restricted to the US, it does not work for other stock indexes than the S&P 500 and the relevant historical scope is confined within the 1980 to 2000 period. In particular, although co-movements in the earning yields and the bond yield exist in the 2001 to 2011 period, these movements are short-term in nature, in the sense that they are captured by immediate feedback when a VEC model is estimated, and do not contribute to the (long-term) error correcting term of the VEC in any meaningful way. In particular, building a VEC gives less precise results for forecasting than a VAR in first difference: the long-term relationship is a hindrance more than a useful tool. Concerning its frequencies, we found that the Fed model, during the 1980 to 2000 period, does not have any predictive power at the daily frequency. It starts having some predictive power for the earning yield (but not for the bond yield) at the weekly frequency, and for both the earning yield and the bond yield at monthly frequency. Although we use different sub-samples as a robustness-check for checking the better goodness-of-fit of the Fed model compared to simple similar models which do not contain a long-term relationship, a word of caution is warranted by the very sample-dependence observed of the Fed model in general.
A possible avenue for further research is the study of a non-linear relationship between equity yields and nominal bond yields, instead of a general linear relationship as studied in this paper. Could a more general, non-linear relationship be found between equity yields and nominal bond yields for more countries and stock exchange indices than the US and the Standard and Poor's? Moreover, the example of the US and the Standard and Poor's studied in depth in this article shows that this non-linear relationship, if it exists, will also have to describe fully the US data for the whole period from 1960 to the present, to be alternatively increasing or decreasing depending on time. Switching between the increasing or decreasing version of the model could potentially be done continuously, through the use of appropriate covariates of which GDP growth or unemployment are likely candidates, or through the use of Markov switching regimes, with an appropriate covariate as a trigger. In case no appropriate covariate is found, then one way of research could be the use of hidden Markov chains, in which the state of the economy -here the monotonicity of the relationship -depends on an unobservable state estimated from the data. 
IBOV Index (Brazil):
The Bovespa Index is a total return index weighted by traded volume and is comprised of the most liquid stocks traded on the Sao Paulo Stock Exchange.
01/01/2007
SXXE Index (Euro Area):
The EURO STOXX (Price) Index is a capitalization-weighted index which includes countries that are participating in the EMU.
01/01/2002
SXXP Index (Euro Area):
The STOXX Europe 600 (Price) Index is a broad-based capitalizationweighted index of European stocks designed to provide a broad yet liquid representation of companies in the European region.
01/01/2002
SX5E Index (Euro Area):
The EURO STOXX 50 (Price) Index is a free-float market capitalizationweighted index of 50 European blue-chip stocks from those countries participating in the EMU. Each component's weight is capped at 10% of the index's total free-float market capitalization.
01/05/2001
UKX Index (UK):
The FTSE 100 Index is a capitalization-weighted index of the 100 most highly capitalized companies traded on the London Stock Exchange. The equities use an investibility weighting in the index calculation.
01/01/2002
CAC Index (France):
The CAC-40 Index is a narrow-based, modified capitalization-weighted index of the 40 highest market caps on the Paris Bourse.
01/06/2001
DAX Index (Germany):
The German Stock Index is a total return index of 30 selected German bluechip stocks traded on the Frankfurt Stock Exchange. The equities use freefloat shares in the index calculation.
01/04/1997
IBEX Index (Spain):
The IBEX 35 is the official index of the Spanish Continuous Market. The index is comprised of the 35 most liquid stocks traded on the Continuous market. It is calculated, supervised and published by the Sociedad de Bolsas.
01/04/1993
FTSEMIB (Italy):
The Index will consist of the 40 most liquid and capitalized stocks listed on the Borsa Italiana. In the FTSE MIB Index foreign shares will be eligible for inclusion.
01/01/2004
AEX Index (Sweden):
The AEX-Index is a free-float adjusted market capitalization weighted index of the leading Dutch stocks traded on the Amsterdam Exchange. The index was adjusted to the Dutch Guilder fixing rate. 
